In this report we describe the cultivation of two isolates of microsporidia, one from urine and the other from sputum samples from a Spanish AIDS patient. We identified them as Encephalitozoon cuniculi, type strain III (the dog genotype), based on ultrastructure, antigenic characteristics, PCR, and the sequence of the ribosomal DNA internal transcribed spacer region.
In this report we describe the cultivation of two isolates of microsporidia, one from urine and the other from sputum samples from a Spanish AIDS patient. We identified them as Encephalitozoon cuniculi, type strain III (the dog genotype), based on ultrastructure, antigenic characteristics, PCR, and the sequence of the ribosomal DNA internal transcribed spacer region.
Encephalitozoon cuniculi is known to infect different tissues, including the urinary system and the central nervous system (CNS), of laboratory animals and cause widespread disease (2) . Reports of CNS infection in immunocompetent humans thought to be caused by E. cuniculi have also been decribed for a Japanese boy (17) and a Swedish child (1) as well as for the liver (22) and peritoneum (30) of AIDS patients. Further, recent studies based on in vitro culture and molecular and antigenic characterization of several isolates (3, 6, 8, 9, 11, 13-16, 18, 20, 28) have identified E. cuniculi as an agent of respiratory, urinary, and CNS infections in AIDS patients. We describe here the isolation, in vitro cultivation, and ultrastructural, antigenic, and molecular characterization of E. cuniculi isolated from the sputum and urine of a Spanish patient with AIDS.
CASE REPORT
A 35-year-old Spanish injection drug user known to be HIV positive since 1985 was admitted to the Ramon y Cajal Hospital in Madrid (Spain) in August 1992 because of an 8-month history of fever, progressive weight loss (10 kg), asthenia, epigastric abdominal pain, and diarrhea. He had a CD4 count of 34/mm 3 and was negative for toxoplasmosis, leishmaniasis, cryptococcosis, brucellosis, tuberculosis, and Mycobacterium avium complex and other pathogenic bacteria. Biopsies of bone marrow, stomach, and duodenum as well as feces were negative for parasites (including Cryptosporidium but not microsporidia), fungi, and bacteria, although he was culture positive for cytomegalovirus (CMV). The patient was enrolled in a prospective study of human microsporidiosis. Smears made from seven stool samples obtained during a period of 10 months, sputum, and two urine samples when stained with modified trichrome (26) revealed microsporidial spores. Although the patient was treated for multiple opportunistic infections, his condition deteriorated gradually, resulting in his death.
MATERIALS AND METHODS
In vitro culture, electron microscopy, and serologic and molecular studies. Urine and sputum samples were processed for culture as described previously (24) , and the resultant cultures were designated USP-A1 (established from the urine sample) and USP-A2 (resulting from the sputum sample). Reference strains Encephalitozoon intestinalis CDC:V297 (23), Encephalitozoon hellem CDC:V213 (25) , and E. cuniculi CDC:V282 (6) were also cultured. Spores from test isolates and from the reference strains were harvested periodically, pooled, and purified separately as described before (7) . Smears of culture-derived spores were also stained with either the Gram chromotrope technique (19) or with Calcofluor white reagent (10) . Actively growing cultures were scraped and fixed in 2.5% glutaraldehyde in cacodylate buffer and processed for transmission electron microscopy (7). An indirect immunofluorescence test was performed on smears from stool, sputum, and urine samples, as well as on culture-derived spores by using rabbit polyclonal antibodies made against the three reference strains (25) . DNA was extracted from patient feces, urine, and sputum specimens, uninfected E6 cell culture, E6 cell cultures infected with the different test isolates, and E6 cell culture infected with the three reference strains (7) . PCR was performed using four different diagnostic primer pairs that are specific for Encephalitozoon bieneusi, E. intestinalis, E. hellem, and E. cuniculi (4, 5, 6, 25) . PCR amplification was made with a GenAmp kit (Perkin-Elmer Cetus, Norwalk, Conn.) according to the manufacturer's directions, and amplification products were analyzed after electrophoresis in 2% agarose gel and were visualized by staining with ethidium bromide. The USP-A1 and USP-A2 isolates were genotyped by sequence analysis of the internal transcribed spacer (ITS) of the rRNA gene. Briefly, the 3Ј end of the small subunit rRNA and the ITS were amplified from extracted DNA by PCR using primers ss530f (5Ј-GTGCCAGC(C/A)GCT GGCAC-3Ј) and 1s212r1 (5Ј-GTT(G/A)GTTTCTTTTCCTC-3Ј) (12, 29) . The PCR product was sequenced in both directions on an AB1377 autosequencer (Applied Biosystems, Foster City, Calif.). The E. cuniculi genotype was determined by the number of the GTTT repeats present in the ITS region: i.e., two repeats for the mouse genotype or strain type II, three repeats for the rabbit genotype or strain I, and four repeats for the dog genotype or strain type III (12) .
RESULTS
Spores in the chromotrope-stained smears of feces, sputum, and urine samples appeared pinkish red and measured 1.8 to 3.0 m. Many spores exhibited the characteristic posterior vacuole and beltlike stripe in the middle (Fig. 1A) . In the indirect immunofluorescence test, microsporidial spores present in the feces, urine, and sputum samples reacted only with the anti-E. cuniculi serum at a dilution of 1:400 and produced apple-green fluorescence.
Cell cultures inoculated with the urine and sputum samples showed foci of infected cells within 2 to 4 weeks. Spores that appeared in the culture supernatants measured 1.8 to 3.0 m, stained dark violet with the Gram chromotrope technique, and showed the characteristic posterior vacuole and belt-like stripe in the middle and the presence of gram-positive granules (19; Fig. 1B ). Culture-derived spores reacted brightly with the anti-E. cuniculi serum and to the same extent (Ͼ1:4,096) as the spores of CDC:V282, the positive control, and produced bright apple-green fluorescence. When reacted with the rabbit anti-E. hellem and -E. intestinalis sera, the spores reacted moderately at a 1:100 dilution but failed to react at a dilution of 1:800 (Fig.  1C) . Smears of culture-derived spores also reacted with the Calcofluor white and produced bluish white fluorescence (Fig.  1D) . Transmission electron microscopy revealed that all stages including spores developed within an unseptated parasitophorous vacuole (PV) (Fig. 2) . Developing stages consisted of meronts, some with two nuclei, which were always found attached to the PV membrane. Sporogonial stages consisted of sporonts, di-and tetrasporoblastic stages, and mature spores. The spores had approximately five coils of the polar tube, a thin electron-dense exospore, a thick electron-lucent endospore, and a thin cell membrane surrounding the spore contents. These morphological features were consistent with those of Encephalitozoon.
Electrophoretically separated proteins extracted from the reference strain CDC:V282 of E. cuniculi and the test isolates, when stained with the silver reagent, exhibited a complex pattern producing more than 50 bands ranging from 14 to 224 kDa. The protein banding patterns of the USP-A1 and USP A-2 isolates were similar to that of the reference strain. Western blot analysis of the separated proteins reacted extensively with the anti-E. cuniculi serum and produced a similar banding pattern, and the bands ranged from 14 to 224 kDa. The protein extract from the uninfected E6 cells showed no visible reactivity.
The four species-specific PCR primers targeting small-subunit rRNA coding sequences selectively amplified E. intestinalis, E. hellem, E. cuniculi, and E. bieneusi diagnostic fragments, respectively, with no background from mammalian cells. Only DNA isolated from the patient specimens (feces, urine, and sputum) and cell culture-infected test isolates (USP-A1 and USP-A2) and the reference strain (CDC:V282) reacted with E. cuniculi-specific primers only, and a diagnostic band of 549 bp was detected in the agarose. Nucleotide sequence analysis of PCR-amplified product from the isolates revealed the presence of four GTTT repeats in the ITS region, indicating that the patient was infected with the E. cuniculi dog genotype (strain type III). 
DISCUSSION
Among the 14 species of microsporidia that infect humans, E. bieneusi is known to infect the small intestine and spread into the hepatobiliary tree in patients with AIDS (21, 27) . E. intestinalis, on the other hand, can cause disseminated microsporidiosis, including in the gastrointestinal (GI) tract. E. cuniculi and E. hellem are also known to cause infections of the urogenital, respiratory, and ocular organs. E. hellem has not been identified in the GI tract, but reports of E. cuniculi in the GI tract as well as disseminated to other organs, including the brain, have been published (18, 28) .
Because our patient had complained of chronic diarrhea and abdominal pain, and since he tested positive only for CMV, it was thought that CMV was the agent of chronic diarrhea. But when the diarrhea did not abate, he was tested for microsporidia and was found positive only for microsporidial spores and no other intestinal pathogens. Subsequently, microsporidial spores were also identified in sputum, urine, and fecal samples. Detailed studies including culture, antigenic analysis, and PCR were done to identify the parasite as E. cuniculi. Currently, 13 cases of infections with E. cuniculi have been described in the literature. Of these 13 cases, 1 each has occurred in Germany (13) , Italy (20) , Mexico (8, 9) , and the United Kingdom (14, 15) , 2 in the United States (6, 18) , and 7 in Switzerland (8, 9, 16, 28) . The present case represents the 14th and the first case of E. cuniculi infection from Spain. E. cuniculi strains have been shown to belong to one of three types based on the DNA sequencing of the ITS region (12) . The three types differ from one another by a small repetitive sequence consisting of 5Ј-G TTT-3Ј. In type I this sequence is repeated three times as in (8, 11, 18) and others as type I (8, 9, 20) . We identified four repeats in the ITS region of our isolates, thus classifying them as type III. Development of antigenic and molecular markers of the isolates may be useful in molecular epidemiology, particularly in tracing the sources of the causal agent and thereby helping to formulate preventive strategies.
